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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

COLLECTION OF BALANCED-AILERON TEST DATA

By F. M. Rogallo

SUMMARY

Test data of balanced ailerons Lave been collected from NACA

and British sources. These data, which are presented in the form

of charts, are grouped as A - ailerons with Frise balances, B -

ailerons with blunt-nose balances, C ailerons with internal

balances, D - ailerons with contour modificatlons, and E -

ailerons with tabs. Results of flight tests and of wind-tunnel

tests in both two- an4 three-dimensional flow are presented but
no correlation nor r6sum@ of the data has been included. R6sum_s

are being published separately as completed.

INTRODUCTION

The demand for high rates of roll at high speed in combat

aircraft and the general increase in the size and speed of air-

planes of all types have made it necessary to provide very close

aileron balance.

Provision of close balance at large aileron deflections at

high speed frequently results In overbalance at small aileron

deflections or at low speeds. In some installations, moreover,

an undesirable shaking of the controls has occurred under some

conditions of flight.

Many experimental investigations of ailerons have been made

but all the results obtained have not been available to the

manufacturers and, in general, the results have not been corre-

lated nor summarized. A large amount of test data has been

collected herein for convenient reference. These data are being

analyzed, correlated, and summarized by the NACA; the results of

these studies are being published separately as completed.

(See references i and 2.)
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Test results of balanced control surfaces of larger chord than

are generally used for ailerons are not included in the present
collection but are collected in reference 3.

CLASSIFICATION OF DATA

The present collection of data Is divided into five sections
as follows:

are :

OL

CD

c_

cd o

Ch

ch

C_'

A - ailerons with Frise balances

B - ailerons wlth blunt-nose balances

C - ailerons withlnternal balances

D - ailerons wlthcontourmodlfications

E - ailerons with tabs

The parameters and symbols used In the presentation of data

lift coefficient

drag coefficient

section lift coefficient

section profile-drag coefficient

hinge-moment coefficient

section hinge-mount coefficient

rolling-moment coefficient about axis in plane of symmetry of
complete model or airplane, referred to wlnd axes
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yawing-moment coefficient about axis in plane of symmetry
of complete airplane or model, referred to wind axes

pitching-moment coefflcle_

section pitchlng-moment coefficient about quarter,chord

point of airfoil

helix angle of airplane in roll

rolling velocity; also, static pressure

free-stream static pressure

angle of attack

section angle of attack

angle of yaw

deflection angle

aspect ratio

ratio of tip chord to root chord

wlng span; also used with subscripts to denote components

of wing

distance from plane of symmetry to inboard end of
aileron

distance from plane of symmetry to outboard end of
aileron

wing chord; also used wlth subscripts to denote components

of wing

mean wing chord; also used with. subscripts to denote com-
ponents of wing
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At

Rb

¢

q

qo

Ap

P

V

Vi

R

M

F s

aileron semithickness at hinge

increase of aileron trailing-edge thickness

radius of Juncture between bevel and control surface

trailing-edge angle, Inoluded between sides which form trailing

edge

local dynamic pressure

free-stream dynamic pressure

pressure across balance

free-stream velocity

indicated velocity

Reynolds number

Mach number

stick force

Subscripts:

a aileron

b balance; also, bevel

f flap

s stick

t tab

Results of flight tests and of wind-tm_nel tests in both two-

and three-dimensional flow are presented. Some of the data have been

replotted and are given in a form different from that in the original

source. Supplementary information on tho models and on the test con-

ditions is glven in table I. This table also gives published refer-
ences and serves as an index to the results presented because the model

or airplane designation is given in the first column of the table and



in the upper right-hand corner of each page of model drawings or

test results. Some of the data have been corrected for tunnel-

boundary effects° When such corrections have been estimated but

not applied to the data, the estimated correction factors are

given in table I.

AILERONS WITH FRISE BALANCES

The results of tests and the test conditions for models and

airplanes having ailerons withFrisebalances are given in table

IAand in figures A1 to A86. The section characteristics of

three models equipped with Frlse ailerons are presented in fig-

ures A1 to A13. In general, the ailerons tested did not seem

very satisfactory in the negative deflection range; that is, sharp

breaks occurred in the hinge-moment a_i effectiveness curves at

relatively low negative deflections. This characteristic seems

to be caused by separation of flow at the protruding nose. Fig-

ure A4 shows that such separation may be delayed considerably by

increasing the radius of the nose. A similar improvement was

obtained for the aileron of model A-VIII by raising the nose

but maintaining the same nose radius (fig. A59). The ailerons

of model A.-III buffeted very badly over a large part of the neg-

ative deflection range (reference 6) and only a few test points

could be obtained in this region (fig. A13). The results of tests

of various partial-span wing models and complete airplane models

are presented in figures A14 to A49. Flight test results are

given in figures A50 to A86. The improvement obtained by increasing

the nose radius is again evident from figure A22. Figure A_4 shows

that a high pressure peak can be expected at the nose portion

which protrudes below the lower surface even though the nose radius

is relatively large. The buffeting tendency of Frise ailerons was

again evident in the tests of model A-VI (reference 7). The

deflections at which oscillation occurred are indicated in figures

A27 to A34. The characteristics of the ailerons of this series

of tests were improved by bulging the lower surface or by attaching
a slat to the aileron nose. The same modifications were found to

reduce aileron buffeting in the flight tests of airplane A-XII.

In connection with this series of tests, it was pointed out that

bulging the lower surface may be unsatisfactory in some installations

because it increases the downfloating tendency of the aileron. The



buffeting tendency of the ailerons of airpl_ne A-XVwas almost ellm-

inated by slightlyroducing the maximum neg_ive deflections. Prac-

tically no_loss in effectiveness accompanied this alteration.

AILR_ONS WITH BLUNT-NOSE BA_NCES

Data pertaining to the tests of models l_avlng ailerons with

blunt-nose ba]_nces are glveu in table IB aLd in figures B1 to B43.

Section characteristics for two models equlig?ed vith blunt-nose

ailerons are presented in figures Bl toB14. 'l_.eblunt-nose ailerons

on an NACA 2_012 airfoil seemed to be more _tlsfactory than similar

aileronsp_on an NACA 66(215)-216,__ a = 1.O a Tz'foil; that is_ the values

deflection range was greater for the NACA 2g012 airfoil. Increasing

thenoser dilr su ted slightloss •and slight
_ k

negative increase in 18Oh/85o) for small deflections but, because

the ailerons with small nose radii tended to stall at lower deflections_

the maximum values of Ac_ were usually greater and the corresponding

hinge moments were usually lower for the ailerons with larger nose
radii. _ese characteristics n_y also be noted from the results of

tests of blunt-nose ailerons on conventional and low-drag wing models

of finite span as given in figures B15 to B52o The peak pressures

that occurred over the noses of ailerons of this type were relatively

high, as may be seen from figure B17° That the effectiveness of _ilerons

with blunt-nose balancesWas greater than the effectiveness of plain

unbalanced ailerons is indicated by figure Big. The results of tests

of a blunt-nose aileron on a complete airpla_Ja model are given in flg=

ures B3S to B43. The effects of controllin_ the boundary-layer thlok-

ness by fixing the point of transition _nd the effects of moving the

hinge axis rearward to obtain a higher degree of balance may be obtained
from these results.
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AILERONS WITH INYER_il_L BALANCES

Data pertaining to ailerons with internal balances are

given in table IC and in figures C1 to C89. Section character-

istics are sho_i in figures C1 to C35; data for flnite-span

models in figures C34 to C77; and flight data in figures C78 to

C89. _.ny of these data have been aI_alyzed and summarized in

reference 2 in which a discussion is f_iven of the balance required.

The effects of changing the vent loc_tion, the surface contour at

the vents, or the amount of leakage _zcross the seal arc also dis-

cussed and it is showu that these modifications may sometimes be

utilized for adjustment of the hinge_ioment characteristics. The

importance of leakage cannot be over(_phasizod. The reduction of

aileron rolling-moment effectiveness due to leakage may be incon-

sequenticl but a leakage area of onl_ two-tenths of the vent area

may reduce the effectiveness of the ii_ternal balance by 50 percent,

as siiown in figure 7 of reference 2. The effects of varying the
1ungoh of the fabric seal and of var_ing the shape of the balance

chamber near the seal may sometimes te important but these effects

cannot be deteimined from the data near available. An Investigation

of these variables, however, is now under way.

AILERONS WITH COld.OUR MOD_ICATIONS

The material presented in table ID and in figures DI to D60

includes data on several contour modifications that reduce hinge

moments - such as bevels, bulges, and increased profile thickness -
ai_ also data on several contour modifications that increase

hinge moments - such as trailing-edge strips, increased aileron

chord and span, and d_creased profile thickness. Section charac-

teristics are shown in figures D]. to D17; data for finite-span

models in figures D18 to D54; and flight data in figures D55 _to

D60. A preliminary correlation has been made of the effect of

bevels at small deflections of sealed control surfaces (reference 1).

The correlation was made on the basis of the included angle between

the upper and the lower surfaces at the trailing edge and included

most of the data for sealed ailerons _resented in figures D2 to D39.



The improvement _n effectiveness and the m,_e nearly linear hinge-
momentcurves obtainable by sealing the aiZuron gap when a bevel is
used are shownin figures D22 to D24, D54, _nd D59.

_e data on bulged or bhlckened aileron profiles shownIn fig-
ures I)46 teD48 were obtained on an unsealed Frise aileron. The
effect Of the changedprof!lo was correlated in references 25 to 27
with the maximumamount of the change In profile thickness and its
position along the aileron chord as parameters. The off oct of a
hollow or a thlckened profile on a plain sealed aileron Is shownin
figures D2 to DV. An unsymmetrical bulge or bevel (figs. D30, D55,
and ])47) or a reflexed trailing edge (fig. D17) may be used to give
an upfloating or a downfloatlng tendency; this effect maybe doslr-
able if the aileron has a d_fferentlal linhage.

The aileron-contour modifications pre-_!ously mantlonod provide
balance by utilizing the diffo='enco in the boundary-layer thickness
over the upper and the lower surfaces of tlJe rear portion of the
airfoil in such a way that the lift over this portion is altered.
The aileron effectiveness _s indicated by the static rolling moments
will thus be reduced when a bevel or bulge ls used. As is pointed
out in reference l, the loss in rolling po,,;er of an aileron will
be less than the loss in static rolling mo_(_ntindicates, however,
because the damping in roll is also reduced by the bevel or bulge.

_be results of flight tests of several unsealed-aileron arrange-

ments on a fighter airplane are given in flexures D56 to D60. The

effects of using large traillng-edge angles and of fixing trans-
ition are shown.

The modifications shown in figures D16 and D49 to D54 are

intended to increase the _atio o:C the hinge-moment parameters

(_Ch/_ 5_ and (_Ch/_5_l ..Analysis show_ that increasing the

h_ V 5a
positive value of the ratio ',,-r----_,--___wi]l tend to lighten stick

forcesduring rolling. (0Ch/_Sa)a '
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AILERONS WIT_ TABS

The results of tests and the tes h conditions for models and

airplanes having aileronswith tabs are given in table IE and in

figures E1 to E53. Section characteristics of tabs on two low-drag

airfoils are presented in figures E1 to E7. Characteristics of

ailerons with tabs on a number of semispan and full-span models

are presented in figures E8 to EA6. A fairly large range of wing

sections, tab chords_ tab spans, aileron chords, and.aileron balances

is covered ....

A fair amount of data for tabs on ailerons with thickened and

beveled trailing edges is included. Tabs on such ailerons, unfor-

tlmately, are most effective in producing aileron hinge moment

when deflected in the same direction as the aileron. Figure E30

shows a decrease in tab effectiveness 8Ch/_5 t with increase in

trailing-edge angle.

Data from flight tests of an aileron equipped with a spring

tab (fig. EAT) are shown in figure E4o. Because the spring unit

was preloaded, the tab did not deflec5 _ntil the stick force

exceeded approximately 9_ pounds. Both aileron and tab were mass-

balanced. Severe flutter was experienced when play developed in

the tab linkage. This phenomenon is not peculiar to spring tab

but may occur with any tab linkage having backlash.

Characteristics of an airplane having ailerons with beveled

trailing edges are sho_al in figures E49 to E53. For the balancing-

tab tests (fig. E52), the stick travel was inadvertently set at

±8 inches instead of _9 inches. As a result, figures E52 and E53

are not directly comparable. Information presented in 9igure E50

for balancing tabs in operation has been corrected to a stick

travel of ±9 inches.

LangLey Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,

Langley Field, Va.
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